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January 1978; delivered at CME Conference. April 1978; in The Analysis of Discrete Economic Data, ed.
C. Manski and D. McFadden. MIT Press. 1981.

"Les models probit de choix qualitatifs, " (" Alternative Conditional Probit Specifications for qualitative Choice. ")
(English Version), September 1977; EPRI report on discrete choice models, presented at INSEE Seminar,
Paris: May 1978; Cahiers du Seminar d'Econometrie, 1980.

"The Econometrics of Labor Supply on Convex Budget Sets," Economic Letters, 1979.

"Panel Data and Unobservable Individual Effects, " with W. Taylor, MIT Working Paper 225; Econometrica 49,
November 1981.

"Comparing Specification Tests and Classical Tests, " with W. Taylor, August 1980, Economic Letters. 1981.
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Future Competition in Telecommunications, ed. S. Bradley and J. Hausman. Harvard: 1989.
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Appendix 1

1994 Price Regression for Top 30 Cellular Markets
Left hand Side Variable: Log of Price < 1

Variable Estimate Standard Error

Intercept 0.539 2.052

Log of Income <2 0.203 0.236

Log of Population <3 -0.029 0.052

Log of Commute Time <4 0.624 0.266

Regulation 0.150 0.052

Number of Observations

Standard Error of Regression

R Squared

58

0.148

0.396

Notes: 1> Minimum monthly bill is based on 128 minutes of peak calling and 32 minutes of off-peak calling.
2> Log of per capita personal income. Source: Survey of Current Business, April 1992.
3> Log of population. Source: 1992 Statistical Abstract.
4> Mean commute time from home to work. Source: 1990 U.S. Census, Tape File 3c.
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Appendix 2

1989-93 Price Regression for Top 30 Cellular Markets
Left hand Side Variable: Log of Price at 160 MOU < 1

Variable Estimate Standard Error

Intercept 2.549 1.150

Log of Income <2 0.075 0.143

Log of Population <3 0.050 0.030

Log of Commute Time <4 0.091 0.170

Regulation 0.142 0.029

Year 89 0.173 0.041

Year 90 0.127 0.036

Year 91 0.075 0.034

Year 92 0.039 0.033

Number of Observations

Standard Error of Regression

R Squared

198

0.152

0.367

Notes: 1> Minimum monthly bill is based on 128 minutes of peak calling and 32 minutes of off-peak calling.
2> Log of per capita personal income. Source: NPA Data Services, Inc., April 1994.
3> Log of population. Source: NPA Data Services, Inc., April 1994.
4> Mean commute time from home to work. Source: 1990 U.S. Census, Tape File 3c.



Appendix 2 (continued)

1989-93 Price Rearession for Top 30 Cellular Markets
Left hand Side Variable: Log of Price at 250 MOU < I

Yariable Estimate Standard Error

Intercept 1.027 0.918

Log of Income <2 0.256 0.114

Log of Population < 3 0.048 0.024

Log of Commute Time <4 0.129 0.136

Regulation 0.150 0.023

Year 89 0.159 0.033

Year 90 0.122 0.029

Year 91 0.070 0.027

Year 92 0.040 0.027

Number of Observations

Standard Error of Regression

R Squared

198

0.121

0.543

Notes: 1> Minimum monthly biU is based on 200 minutes of peale calling and SO minutes of off-peale calling.
2> Log of per capita penooal income. Source: NPA Data Services, Inc., April 1994.
3> Log of population. Source: NPA Data Services, Inc., April 1994.
4> Mean commute time from home to work. Source: 1990 U.S. Census, Tape File 3c.



Appendix 2 (continued)

1989-'3 Price Regression for Top 30 Cellular Markets
Left hand Side Variable: Log of Price at 30 MOU < 1

Variable Estimate Standard Error

Intercept 4.701 1.752

Log of Income < 2 -0.278 0.217

Log of Population <3 0.027 0.046

Log of Commute Time <4 0.257 0.259

Regulation 0.184 0.044

Year 89 0.102 0.062

Year 90 0.082 0.055

Year 91 0.072 0.051

Year 92 0.063 0.051

Number of Observations

Standard Error of Regression

R Squared

198

0.232

0.165

Notes: 1> Minimum monthly bill is bued on 24 minutes of peak calling and 6 minutes of off-peak calling.
2> Log of per capita personal income. Source: NPA Data Services, Inc., April 1994.
3> Log of population. Source: NPA Data Services, Inc., April 1994.
4> Mean commute time from home to work. Source: 1990 U.S. Census, Tape File 3c.



Appendix 3

1989-93 Price Regression for RSA Cellular Markets
Left hand Side Variable: Log of Price at 160 MOU < 1

variable Estimate Standard Error

Intercept 4.341 0.411

Log of Income < 2 -0.023 0.044

Log of Population < 3 -0.066 0.010

Regulation 0.186 0.023

Year 89 0.267 0.048

Year 90 0.289 0.024

Year 91 0.193 0.019

Year 92 0.059 0.018

Number of Observations

Standard Error of Regression

R Squared

577

0.169

0.356

Notes: 1> Minimum monthly bill is baaed on 128 minutes of peak calling and 32 minutes of off-peak calling.
2> Log of per capita personal income. Source: NPA Data Services, Inc., April 1994.
3> Log of population. Source: NPA Data Services, Inc., April 1994.



Appendix 3 (continued)

1919-93 Price Regression for RSA Cellular Markets
Left hand Side Variable: Log of Price at 250 MOU < I

\Tariable Estimate Standard Error

Intercept 4.137 0.417

Log of Income <2 0.025 0.045

Log of Population < 3 -0.049 0.010

Regulation 0.159 0.024

Year 89 0.291 0.047

Year 90 0.329 0.024

Year 91 0.191 0.019

Year 92 0.058 0.018

Number of Observations

Standard Error of Regression

R Squared

578

0.172

0.359

Notes: 1> Minimum monthly bill is based on 200 minutes of peak calling and SO minutes of off-peale calling.
2> Log of per capita personal income. Source: NPA Data Services, Inc., April 1994.
3> Log of population. Source: NPA Data Services, Inc., April 1994.



Appendix 3 (continued)

1989-93 Price RepoessiOD for RSA Cellular Markets
Left hand Side Variable: Log of Price at 30 MOU < 1

Variable Estimate Standard Error

Intercept 3.524 0.530

Log of Income <2 -0.068 0.057

Log of Population < 3 0.012 0.012

Regulation 0.124 0.030

Year 89 0.122 0.061

Year 90 0.256 0.031

Year 91 0.170 0.025

Year 92 0.086 0.023

Number of Observations

Standard Error of Regression

R Squared

577

0.218

0.160

Notes: 1> Minimum monthly bill is based on 24 minutes of peak calling and 6 minutes of off-peak calling.
2> Log of per capita personal income. Source: NPA Data Services, Inc•• April 1994.
3> Log of population. Source: NPA Data Services, Inc., April 1994.



Appendix 4

1989-93 Demand RepessioD for Top 30 Cellular Markets
Left hand Side Variable: Log of Subscribers

\Tariable Estimate Standard Error

Intercept 0.851 2.528

Log of Price < 1 -0.402 0.155

Log of Income < 2 0.188 0.309

Log of Population < 3 0.949 0.065

Log of Commute Time < 4 0.958 0.363

Regulation -0.161 0.067

Year 89 -1.225 0.092

Year 90 -0.807 0.080

Year 91 -0.552 0.072

Year 92 -0.308 0.071

Number of Observations

Standard Error of Regression

R Squared

196

0.322

0.982

Notes: 1> Minimum monthly bill is based on 128 minutes of peak calling and 32 minutes of off-peak calling.
2> Log of per capita personal income. Source: NPA Data Services, Inc., April 1994.
3> Log of population. Source: NPA Data Services, Inc., April 1994.
4> Mean commute time from home to work. Source: 1990 U.S. Census, Tape File 3c.



Appendix 4 (continued)

1989-93 Demand IDstnunental Variable Regression for Top 30 Cellular Markets < 1
Left hand Side Variable: Log of Subscribers

Variable Estimate Standard Error

Intercept 1.094 2.531

Log of Price < 2 -0.500 0.172

Log of Income < 3 0.196 0.309

Log of Population < 4 0.954 0.065

Log of Commute Time < 5 0.965 0.363

Regulation -0.147 0.068

Year 89 -1.209 0.093

Year 90 -0.795 0.080

Year 91 -0.545 0.073

Year 92 -0.304 0.071

Number of Observations

Standard Error of Regression

Hausman Specification Test (X21)

196

0.321

1.73

Notes: 1> Instrumental variable. include average price across other Top 30 MSAs, per capita income,
population, commute time, and indicator variable. for regulation and years.

2> Minimum monthly bill is based on 128 minutes of peak calling and 32 minutes of off-peak calling.
3> Log of per capita personal income. Source: NPA Data Services, Inc., April 1994.
4> Log of population. Source: NPA Data Services, Inc., April 1994.
S> Mean commute time from home to work:. Source: 1990 U.S. Census, Tape File 3c.
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Tb. "[(Pralnc. of th. c.llular Indu.try

Froa it. beginning, the busin.ss of supplying cellular

tel.phon. communications has b.en characterized by rapidly

incr.asing volum., d.clining prices, expanded service offerings,

and significant technological change.

The volume of cellular services can b. measured eicner by the

number of subscribers or by the minutes of airtime used. The

numb.r of c.llular telephone subscrib.rs had grown from only 91,600

in January 1985 to an estimat.d 8.8 million by June 1992. Growth

has continued to b. rapid, with the numb.r of cellular subscribers

incr.a.ing by 46 p.rc.nt during the 12 month••nding June 1991 and

by 39 p.rcent in the 12 months .nding Jun. f992. 1 The number of

c.llular subscrib.rs is proj.cted to b. 19 million by 1995 and 38

million by 2001. 1 Growth in c.llular airtim. also has been

sub.tantial, although it hal b••n slow.r than th. growth in the

numb.r of sub.crib.rs b.caus. lat.r sUb.cribers have tended to use

th. s.rvic. le•• inten.iv.ly than .arli.r adopters. This change

r.fl.cts the incr.as.d importance of r.sid.ntial users of cellular

t.l.phon.s relative to busin••s us.rs.

lC.llular T.leccmaunication. Industry M.ociation, Indu.try
pat. syrywx, June 30, 1992, p. 1. Th. qrowth in volume that ha.
occurred baa far .xc....d .xpectations. Wh.n co...rcial c.llular
s.rvic. beqan in the United 5ta11es in 1983, th.-pGt.ntial d.mand in
the y.ar 2000 v., thou,ht to be between on. and two million
.ub,criber.; ••• Coopers , Lybrand, TlSbnPlggic.l eh.ng. and the
e.llular T.l.eA "oic'1;ion. Indu'1;ry (Nov.aber 1991), p. 15.

1Lind.n corporation, eillyltr tIM-ElF, Tec;hnolqqy, End U.er
Requir•••n1;', tnd CQlRl1;i1;ion to th. XI.r 2001, 1991, p. 244.

1



contributing to this increasing volume has been a steady

decline in the costs of owning and using cellular telephones. For

example, the nominal price for 250 minutes of prime airtime usage

per month across the ten largest cellular service areas had, in

1989, declined by 19 percent from the inception of commercial

cellular service in 1983. Even with a slight increase in carrler

charges estimated for 1991 and 1992, the unweighted average of the

lowest published rate for access and 250 minutes of usage during

prime time in these ten service areas was only 85 percent of its

1983 level. When adjusted for inflation, the average of these

rates in the ten largest cellular service areas in 1991 was only 62

percent of its 1983 level.]

The monthly cost of a mobile cellular telephone has declined

by even more than carrier charges, from $79 in 1983 to $7 in 1991.

During the same time, the quality of mobile telephone service was

also enhanced by improvements in functions and features. When

adjusted for inflation, the total cost of owning and using a

cellular telephone in 1991 was only 44 percent of its cost in

1983. •

Cellular sublcribers have benefitted not only from falling

prices but also fro. the continually expanding variety of services

offered by cellular operators. Only five years aqo, there were no

3Data are tro. Herschei Shosteck Associa~e., Ltd., C.llular
Market rorecalt,. PlSa Flalh, September 1992.

·Data are fro. Sho.teck, gsa. w., and measure the "driv. away"
price ot a s1nqle mobile telephone, includ1nq antenna,
installation, and first-year maintenance.
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value-added cellular services. Today, cellular providers offer a

number ot intormation services as well as features such as VOlce

mail, call forwarding, and call waiting. There have been major

advances in data transmission as well, including portable facsimile

and wireless transmission for laptop computers. New serv ices

continue to be developed. For example, cellular telephones now are

being used to verify credit cards and to transmit information t~

and trom remote locations in computerized monitoring and repor~ing

systems.

Technological advances in recent years also have enabled

cellular systems to expand their capacity. Several capac i ty-

increasing innovations have occurred in the cohventional or analog

cellular technology, such as adjusted power output, antenna

tilting, dynamic channel a.signment, and cell repeaters and

umbrella (underlay/overlay).'

Notwithstanding the continuing improvements in analog-based

cellular system., even more dramatic advance. are expected from the

turther development and application ot digital technology.

Virtually all cellular switches made today are digital, and the

.hitt to this technology is expected to occur in base station

radios and sub.criber telephones during the 1990s. 6

-'H. Sho.teck, "The question marks over PCNs," Mobile Eyrope,
January 1991, no pagination.

'Coopers' Lybrand, ga. ~., pp. 59-60.
period, cellular phone. will be dual mode,
digital and analog systems.
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The conversion to diqital technoloqy, despite the substantial

invlstment rlquir.d, promises to yield even greater increases in

system capacity and lowlr average costs for cellular operators.

For example, the capacity of base stations will at least triple

initially. In addition, diqital technology will permit new

services to be provided.'

Competition in the Supply of Clllular Services

This performance of the cellular service industry is the klnd

that economists as.ociate with a younq industry driven by market

forces and developinq in a competitive context,' and it has

occurred without the industry's havinq a competitive structure, as

economists define that term. 9 The FCC has determined that the

cellular service business should be a structural duopoly: only two

facilities-based suppliers, one wireline carrier and one

nonwireline carrier, are permitted to operate in a service area,

with additional facilities-based entry barred. Economists have

recoqnized, however, that the behavior of firms and the performance

of an industry can approximate the competitive outcome even if the

7Ibid., p. 60.

~il. this record of performance i. con.ist.nt with a
coapetitiv. incluatry, it doe. not prove that the industry is
n.c••••rily ca.petitiv., sine. ev.n a monopoli.t facinq conditions
of incr...ing~ and reduced co.t. i. lik.ly to earn qreater
profit. by lov.ri", pricI, .xpan4inq output, and.makinq innovations
in products and ..thad. of production.

'Economist. call a market structure coapetitive when entry is
la.y, firm. ar. nuaerou., and no fi~ ha. a larql .ark.t .hare. As
we point out in thl tlxt, the Mrt0rN0cI of a .arklt can be
competitive even if it. Itructurl i. not.
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industry do.s not consist of a larq. numb.r of firms, none of which

s.rv•• a larq. share of the mark.t.

Economists consider the number and size distribution of fir~s

in a market to be important initial indicators of the likelihood of

noncompetitive behavior. Lo Collusiv. arrangements, whether

explicit or tacit, are more likely when there are only a few firms,

simply because coordination is easier. Similarly, the costs of

monitoring the b.havior of others and enforcing any collusive

arrangement by punishing I'cheaters" are lower when there are fe~

industry participants. 11 Th. size distribution of firms also

affects the .as. of coordination. A small numb.r of very large

firms may s.rv. as coordinators in an industry that also includes

many small firms.

How.v.r, .conomists also r.coqniz. that the competitive

outcom., wh.r. pric.s art driv.n to marqinal co.ts, may obtain even

in industri.s with as f.w as two firms. 12 Th.oretical models of

the strat.qic int.raction. b.tw••n duopolist. pr.dict a broad range

of outcom.s, froll monopolistic to p.rfectly comp.titi 'Ie. 13 In

l~. Sp.nc., "Tacit Co-ordination and Imp.rf.ct Information,"
Canadian Journal of Ecqnomic. XI (1978), pp. 497 and 499.

IlJ.S. aain, "••lation of Profit Rat. to Industry
Conc.ntration," oyart.rly Journal of Economic. LXV (1951),
pp. 205-20'.

I~. beat-known model d.mon.tratinq this r ••ult is found in
J. a.rtrand, "ft6ori. Math6llatiqu. d. la Rich•••• _Social.," Journal
d•• Savant., 1883, pp. 499-!O8.- -

llA larq. body of .conollic lit.ratur., pr.dictinq a ranqe of
comp.titiv. outco••• , i. review.d in J. Tirole, Th. Th.ory of
Industrial organization (C,mbridq., MA: The MIT Pre•• , 1988),
pp. 225-308.
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th••••od.l., firm. choos. wh.th.r to coop.rat. and at which price.

Th. outcome d.pends on the reaction that each firm expects from its

comp.titor to chang.s in its own price or output. This, in turn,

determines the gains that each firm expects from undercutting a

noncompetitive price, and the exp.cted cost of being punished if

such deviation is detected. Even duopolists do not necessarily

react to each oth.r's actions in ways that maximize joint profits:

a duopoly is not the same as a monopoly.

The d.cision rules that comprise a firm's competitive strategy

are difficult to infer from its obs.rved b.havior. Nonetheless,

.conomists have identified a number of significant factors, in

addition to the numb.r of its rivals, that influence the strategies

each firm pursue., and thus h.lp to d.termine how close to the

comp.titiv. outcome the industry's performance will be. 14 These

are factors that make collusiv. practic•• more or l.ss difficult to

e.tablish, and aff.ct the ea.. with which d.viations from a

cOllusiv. outcom. can b. d.tected and punished. Several of these

factors are likely to influence the performance of the cellular

s.rvic. indu.try, albeit to varyinqd.qr•••.

One of the most st~iking f.ature. of the mobile communication

indu.try i. the rapid pace of t.chnoloqical innovation and

diffu.ion. Tran••i.sion technoloqy ha. .volved from analog to

diqital, and cellular t.lephon.. have beeom. truly portable,- ,
.hrinkinq to pock.t .iz.. Th. rate of t.chnolOCJical chanqe and the

140. J. Stiql.r, "A Th.ory of Oliqopoly, II .lgurnal of political
Ecgngay 74 (1964), pp. 44-61.
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resulting .p••d with which the customer bas. is growing are two

intlu.nc•• that .conomists consid.r procomp.titive.

The rapid technological change in the provision of cellular

service imparts a high degr•• ot variability to the services

oftered and the prices of those services. In these circumstances,

a collusive agreem.nt is ditficult to maintain, because the prlce

of each new service must be integrated into the existing price

structure. 1S As providers adopt new technologies, the introduction

of new service packages offers opportunities to "cheat" on a

noncompetitive agreement without provoking the "punishment" that

might otherwise occur, because it is ditticult for a rival to

d.t.rmin. what the appropriate price ot the new service should be.

If new services are ottered at more competitive prices, because it

is easier to deviate from a collusive agr••m.nt when products are

changing, or even if rivals only perc.ive that the new services are

being ottered at prices that are "too low" because they do not know

what those pric.s should be, a collusive agreement may be difficult

to establish and maintain.

Th. rapid rat. of technological innovation not only hinders

the smooth functioning ot a collusive pricing agr.em.nt but, by

l.ading to rapid aark.t growth, also may w.ak.n the inc.ntive for

firm. to participat. in such agr.em.nts. Wh.n mark.ts are growing

1'R,. A. Poaner, Ant i1;ru.t I.4v; AD lepogwic P.rspact i VI
(Chicago, IL: Th. Univ.rsity ot Chicago Pr••• , 1976), pp. 59-60.
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